In this paper, we present the homotopy analysis transform method (HATM) to solve fractional LotkaVolterra equation, which describes the long term servival of species. The HATM solutions, denotes less error compare with their respective exact solution for α = . In addition to non-proposed techniques, HATM is valid for both small and large parameters, it also provides us with a simple way to adjust and control the parameter and auxiliary function H(t), which play e ective role for convergence solutions of fractional di erential-di erence equations (FDDEs).
Introduction
Fractional calculus gained importance and popularity during the past three decades or so, it is generalization of the stranded calculus. Fractional calculus is considers the history and nonlocal distributed e ects. The fractional calculus has a long history almost as old as the di erential calculus; there are many books that develop fractional calculus and various de nitions of fractional integration and di erentiation [1] [2] [3] [4] . Fractional di erential equations has been attentions due to their applications in model-*Corresponding Author: Ramswroop: Department of Mathematics, Arya Institute of Engineering & Technology, Jaipur-303101, Rajasthan, India, E-mail: ramswroop09@gmail.com, Tel. +91-9460254205 Jagdev Singh: Department of Mathematics, Jagan Nath University, Jaipur-303901, Rajasthan, India, E-mail: jagdevsinghrathore@gmail.com Devendra Kumar: Department of Mathematics, JECRC University, Jaipur-303905, Rajasthan, India, E-mail: devendra.maths@gmail.com ing of many chemical processes, mathematical biology, economics and many other problems in physics and engineering [5] [6] [7] [8] [9] [10] [11] . But numbers of di erential model are invalid on the Nano scales [12] and when time or space becomes discontinuous [13] , the di erential models are completely invalid. The di erential equations are continuous arguments while the di erential-di erence equations are based on semi-discretized, with some (or all) of their special variables discretized, but the time variables is usually kept continuous [14, 15] .
Fermi, Pasta, and Ulam in the 1950's, who made major experiment and theoretical discoveries which stimulate the attentions to nonlinear di erential-di erence equations [16] . The modulation of di erential-di erence equations have been the focus of considerable interest especially applied mathematical, physical sciences and engineering's such as biophysics, atomic chains, molecular crystals, discretization in solid-state, quantum physics and charge ?uctuations in network, ladder type, electric circuits [17] [18] [19] [20] [21] [22] [23] [24] . In recent years, numbers of methods were used by researchers to considerable investigation for nonlinear di erential-di erence equations (NLDDEs) [25] [26] [27] [28] [29] [30] [31] [32] [33] .
In this article, we extend the application of homotopy analysis transform method (HATM) [34] [35] to solve the nonlinear fractional Lotka-Volterra and Volterra equations with initial condition. The homotopy analysis transform method (HATM) is coupling of homotopy analysis method (HAM) [36] [37] [38] [39] and the well-known Laplace transform, provides more realistic solutions that converge very rapidly in real physical problems. HATM is used to modulate HAM, thereafter di erent approaches have been applies to FDDEs design problems and evaluate more convenient reliable series solution. Numerical solutions of fractional Lotka-Volterra and Volterra equations clearly demonstrated that the HATM produced rapid convergence and provides very accurate results, which are very close to the exact solutions.
Basic de nitions
There are several approaches to de ne the fractional calculus, we will adopt Caputo's de nition which is a modication of the Riemann-Liouville and has the advantage of de ning integer order initial conditions for fractional order di erential equations. De nition 1. The Laplace transform of continuous (or an almost piecewise continuous) function f (t) in [ , ∞) is dened as
where s is a real or complex number. De nition 2. The Riemann-Liouville fractional integral operator of order α > , of a function f (x) ∈ Cµ , µ ≥ − is de ned as
for the Riemann-Liouville fractional integral we have:
De nition 3. The fractional derivative of f (t) in the Caputo sense is de ned as [40] :
The following are two basic properties of the Caputo fractional derivative.
We have chosen the Caputo fractional derivative because it allows initial and boundary conditions to be included in the formulation of the problem. De nition 4. The Laplace transform of the Caputo derivative is given by Caputo [40] ; see also Kilbas et al. [41] in the form
De nition 5. The Mittag-Le er is de ned as [42] :
Basic idea of homotopy analysis transform method (HATM)
To illustrate the basic idea of this method we consider the following fractional di erential di erence equation
By applying the Laplace transform on both sides of Equation. (10), we get
Using the di erentiation property of the Laplace transform, we have
We de ne the nonlinear operator
whereq ∈ [ , ] and φ(t ; q) is a real function of t and q. We construct a homotopy as follows
where L denotes the Laplace transform, q ∈ [ , ] is the embedding parameter, H(t) denotes a nonzero auxiliary function, ≠ is an auxiliary parameter, u n, (t) is an initial guess of un(t)and φn(t ; q) is a unknown function. Obviously, when the embedding parameter q = and q = , it holds 
If the auxiliary linear operator, the initial guess, the auxiliary parameter , and the auxiliary function are properly chosen, the series (17) converges at q = 1, then we have
which must be one of the solutions of the original nonlinear equations. According to the de nition (18), the governing equation can be deduced from the zero-order deformation (15) . De ne the vectors un,m = {u n, (t), u n, (t), ..., un,m(t)},
u n+k,m = {u n+k, (t), u n+k, (t), ..., u n+k,m (t)},
where n ∈ N, m ∈ N, k ∈ N.
Di erentiating the zeroth-order deformation Equation ( 
Numerical examples
In this section, we introduce the above reliable approach, in a realistic and e cient way, to handle nonlinear fractional di erential-di erence equation. Example1. The fractional Lotka-Volterra equation has following form
with the initial condition
Eq. (24) suggest that we de ne the nonlinear operator as 
Solving the above Eq. (29), for m = , , , ..., we nd
Proceeding in this way, the rest of the components un,m(t) for m > can be obtained and the series solutions are thus entirely determined. Therefore, the approximate solution is un(t) = u n, (t) + , which is in complete agreement with HAM [32] . It is shows that the solution of the fractional motion is not only a function of time, but also a continuous function of fractional order derivatives.
Example 2. The fractional Volterra equation has following form
We solve Eq's (32) and (32) in same procedures, we get the solution in series form
Proceeding in this way, the rest of the components un,m(t) for m > can be obtained and the series solutions are thus entirely determined. Therefore, the approximate solution is un(t) = u n, (t) + 
If we set = − and α = then clearly, we can conclude that the obtained solution , which is in complete agreement with VIM [33] . It is shows that the solution of the fractional motion is not only a function of time, but also a continuous function of fractional order derivatives.
Conclusion
In this paper, HATM technique is used to provide series solution for the nonlinear fractional di erential-di erence equations by just utilizing the initial condition. From the study it can be seen that the proposed technique (HATM) is robust and performing better than GHAM [32] and VIM [33] , as it supplies quantitative reliable results, which considerably enlarge convergence region for FDDEs. The results reveal that HATM is a very powerful, straightforward, ecient and free from any restrictive assumptions, in nding approximate analytical solution for nonlinear fractional di erential-di erence equations.
